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ABSTRACT

So that more precise correlations between full scale observations
and analytica l and model results could be carried out, one of the objec—

• tives of the instrumentation program for the SL—7 class container shi ps
was the provision of instrumental measures of the wave env i ronment.
To this end, two wave meter systems were installed on the S.S. SEA—LAND
McLEAN. Raw data was collected prom both systems during the second
(l973_l97L~) and third (197k—l975) winter data collect i ng seasons.

It was the purpose of the present work to reduce this raw data,
to develop and imp l ement such corrections as were found necessary and
feasible, and to correlate and eval uate the fina l results from the two
wave meters . in carrying out this work it was necessary to at least
part l y reduce severa l other channels of recorded data, so that, as a
by-product, reduced results were also obtained for midshi p bend i ng
stresses, rol l, pitch , and two components of acceleration on the ship ’s
brid ge. - -

As the work progressed it became evident that the volume of docu-
mentat~or~ required would gra~a be?ond the usual dimens i ons of a single
techn i cal report. For this reason the analyses, the methods, the
detailed results , discussions , and concl usions are contained in a series
of ten related reports.

This report is one of the six in the ser i es in wh i ch the detailed
results of the data reduct ion process are presented . Included in this
report is the reduced data from the Second Season Voyage 32.
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I NTRODUCT I ON

It was one of the objectives of the SL-7 full-scale instrumenta-

tion program to provide a direct instrumental measure of the wave

env i ronment so that more precise correlations could be made between ful l—

scale observations, and analytical and model results. To this end the

shi p was fitted with a micro-wave radar relative wave meter and various

motion sens i ng devices. A “Tucker Meter” pressure actuated wave height
• sensi ng system was also installed .

The purpose of the present project is to reduce and ana l yze the

resulting radar and Tucker meter data obtained on the SEA-LAND McLEAN in

the second (l973_1971~) and third (l 97 ~—l 975)  winter record i ng seasons.

The purpose of the present report is to present the reduced data from the

Second Season Voyage 32.

BACKGROUND

Since the purpose of the present report is only to document a

portion of the reduced data, it should be noted that details of the experi-

ments themselves, and Of the anal yses l ead i ng up to the present results,
are conta i ned elsewhere. To be specific , References 1 and 2 contain, for
both record i ng seasons in question, a full account of the instrumentation ,
basic record i ng, and the nomina l circumstances surround i ng the present

data. References 3 and 5 contain the detail of the reduction of the orig-

ina l data to di g ital form. Reference 14 contains the detail of the ana l yses

and of the procedures used in generat i ng the present results . Finally,

Reference 6 contains the summary, discussion and conclusions . -

NOTES ON THE CONTENT S

Each voyage leg was processed, and is presented, as a unit. The

first part of the presentat i on for each voyage leg is a four-part table .
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Parts a and b of each table contain the log—book data extracted
from Ref . 1 or 2. With the exception of the first column of each page,

the meaning of each entry is that established by Teledyne Materials Research.
The first column is the run number assi gned to each interval during the
digiti zation at D.L. This number is retained for identification throughout.

Part c of each table is a comparison of results from the present
digitization with that at TMR. Five columns are Stress results obtained

at TMR. Stresses are presented in thousands of pounds per square i nch.

The columns marked 6 through 8 are from the present di gitization . Column 6
“range of recorded extremes” was computed from the firs t pass analysis by

scaling the extremes in each interval and subtract i ng the smalles t extreme

from the largest. Column 7 is 2/2 times the process rms. This estimate

should compare with the value g iven by TMR for “rms P to I stress,”.
Col umn 8 is the difference of the sample mean of the interval noted, from
the sample mean of the first interval di gitized in each voyage leg . The

remaining columns are various ratios of present results to those obta i ned

by TM.

Part d of the tables i nvolves ind i ces of the magnitude of raw radar,
roll, p itch , vertica l and transverse acceleration, and Tucker meter signals .

The firs t index in each case is 40 x the rms. The second and third ind i ces

are the positive and negative extremes for each channel. The extremes

observed for rol l and pitch were corrected for el ectrical zero on tape

before scaling . The extremes for all other items were corrected to the

sample mean before scaling . The senses of pitch and Tucker meter are not

correct for reasons noted in Ref. 4, and it is to be emphasized that all

data is raw (uncorrected for anything) .

The second part of the presentation for each voyage leg is a series

of charts, a pair of charts for each interval . The first of the pair

includ es plots of spectra of midshi p vertica l bend i ng stress, rol l, cor-
rected radar wave elevation , Tucker meter wave, and the mean dynamic head

at frame 119. The “mean dynamic head” is a partial correction of the

Tucker meter as detailed in Ref. 4. At the left of the first chart is a

tabulation of various data; portions of the log book data from the tables,
t~~ ind i ces of midshi p stress, a summary of the magnitude of mot i ons,

2 
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and finall y a table summarizing wave height statistics obtained from
spectra as well as peak—trough anal yses of the time histories.

— The second chart of the pair for each interva l are sample ~!~e

histories for five of the channels of Information treated in the first

chart. As noted in Reference 1., there was at the end of data reduction

16— 1/2 mInutes of valid radar wave elevat i on data. To produce the charts

an 8— 1/2 minute portion of this sample was selected.

A fuller discussion of the background and convent ions employed in

the charts is presented in the Appendix .
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APPENDIX

¶~ ‘- ‘  THE DATA REDUCTION AND PRESENTATION PROCEDURE
• ACCORD ING TO THE DEVELOPMENT IN REFERENCE 4

The data reduction procedure for each interval i nvolved :

a. Four main computation programs, the last one of wh i ch
• produced a complete file of results for each Interval.

b. Two lister programs to 5upp ly immediate indications of
some of the results.

c. One file consolidation program wh i ch produced one file
for each voyage leg containing everything but the t ime
histories of radar wave and mean dynamic head.

d. Two programs to generate the final graphical presenta-
tions for each interval.

I tems b through d amount to bookkeeping operations. The work was done in
the four main computation programs.

The first computation program carried out the procedure described
in Reference 4 for the radar. At its conclusion the radar wave spectrum
and the computed time history were written in temporary files as was the
t ime history of vertica l displacement at the radar.

The second program i nvolved reduct ion of the Tucker data. Both
the ori g ina l data and the disp lacement file produced by the first program
were accessed. The procedure was carried out so that time histories of
mean dynamic head and the Tucker Meter si gnal were available. These were
spectrum ana l yzed, and all results written in a temporary file .

The third computation program accessed the various wave— related
time histories (radar, Tucker, and mean dynamic head) and performed a
peak-trough anal ysis on the middle 16-1/2 minutes of each. (Because of
the tapering described in Reference 4 both the radar and mean dynamic
head data are not valid for the first and last two minutes of samp le.)
The object of the peak-trough anal ysis was to produce double amplitude
statistics . The zero crossing convent ion was used; that is, a crest was
def i ned as the largest instantaneous val ue in an excurs ion above the
samp le mean, a trough was the smalles t instantaneous value in an excur-
sion below the sample mean. The double amplitud e Is the difference in
elevation between crest and succeed i ng trough. In this approach small
fluctuations are more or less Ignored If they are riding on top of large
ones. The results resemble the double amplitudes wh i ch would be estimated
by hand from an osci llograph record except that the hand anal yst would
probabl y visually fair through superimposed noise whereas the computer
does not ,, The effect is that while the computer gets about the same
number of double amplitudes as the human anal yst, the computer’s answers
tend to be hig her if the records are noisy . From the double amplitudes
found, the average of 1/3 and 1/10 highest were computed, and the position
in the sample of the largest double amplitude was noted. All resul ts,

were written in a temporary file.



The fourth computation program accessed the ori gina l data and per—
formed spectrum analyses upon the midshi p vertical bend i ng stress and roll .
It then accessed all prev i ous l y written temporary files and produced a
new file containing all of the results for the interval . These results
included log—book data, results of the first analysis of raw data (Ref.3,5),
five spectra along with all analysis parameters, all results from the
peak—trough analysis, and the two new time histories , the radar wave and
the mean dynamic head. These files were meant to be stored on magnetic
tape for possible future reference.

The final presentation of results for each interva l is contained
on two charts. The firs t type of chart (whi ch appears on the even numbered
pages of this report) contains the scalar spectra and a tabulation of
results . The second type of chart (odd numbered pages) i nvolves sample
time histories . Both are identified at the bottom with the DL run number,
the voyage number, the analog tape and i nterva l numbers, and the index
number assi gned by Teledyne.

Referring to any even page, the tabulation at the left is intended
as a suninary of the most si gnificant numbers pertaining to the interval .
At the top is as much of the origina l l og—book data as it s eemed reason-
able to squeeze in . This includes date, time, position , and shi p speed,
as well as the visua l estimates of wave and swel l heights and direct i ons.
Directions are counted from the bow to port or starboard in degrees. The
“sea state” is apparently the Beaufort wind . The fina l line in the first
section of the tabulation includ es comments on visua l weather and, after
the sl ash, any other comment appearing in the log.

• The second box in the tabulation i nvolves midshi p long itud i nal
stress results . Onl y two of the many numbers wh i ch are available could

• be included as ind i ces. The firs t is the maximum peak to trough stress
excursion as obtained in Reference 1 or 2. The second index is the
significant stress (4 times rms) as derived from the area of the stress
spectrum obta i ned in the present reduction. •

The third box in the tabulation is a summary of mot ions. Again
the “significant ” motions (4 rms) are indicated . The va l ue for rol l was
derived from spectrum area, that for pitch and accelerat ions from the rms
of the basic data. (Unless there are significant linear trends in the
data the differences are slight between “raw” and “spectrum” rms.) The
last three items in the list i nvolve various stages in the radar data
reduction . The firs t is the slant range as recorded. The “vert i cal
range is R

~
(t) of the radar analysis. This entry is essentially the

vert i cal component of the range relative to the position of the accel-
erometer package. The number was derived from the spectrum. The last
entry is the si gnificant displacement at the radar (significant doubl y
integrated acceleration). It too was derived from spectrum analyses.

In a sense, the table at the bottom of the tabulation contains the
fina l numerical answers. Items in the first column pertain to the uncor-
rected Tucker Meter signal . The second col umn pertains to the mean dynamic
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head developed in conjunction with the anal ys i s of the Tucker meter, and
the third col umn pertains to wave elevations derived from the radar system.

~~~~~ 
The first row in the table is the number of double amplitudes found in
the middle 16-1/2 minutes of the sample. Below this are noted the maxi—
mum hei ght found and the averages of the 1/10 and 1/3 highest double
amplitudes . The final line in the table is the significant (4 rms) hei ght
derived from the spectra l analyses . Ord i narily it is expected that the
last two lines of the table will be about the same.

At the rig ht of any even page are plots of the five computed spectra.
it was decided to standard i ze the frequency scale from 0 to 2 rad/sec.
In the great majority of intervals everything of interest is contained in
this range. in some intervals one spectrum or another is non—neg li g ible
beyond 2 rad/sec but nothing much has been seen beyond 2.5 rad/sec for
any of the quantities ana l yzed except in the stress spectrum where some-
thing may often be noticed around the frequency of the first mode of
vert i cal vibration. The folding frequency of the analyses is above
20 rad/sec; no alias i ng is expected, Reference 3.

The stress and rol l spectra are plotted together. The vertica l
• scale is for the stress spectrum. The rol l spectrum has been multi p l ied

by the factor noted in the i egend before plotting . Dimens ions of the
.2• stress spectra l density are (kpsi /rad/sec) and those of the roll spectral

• dens i ty are (deg2/rad/sec).

All three wave related spectra (Tucker, mean dynamic head, and
radar) are plotted together to the same scale. The dimens i on of the wave
spectral dens i ty is (feet2/rad/sec). In the wave spectrum plot there is
a vert i cal (slig htly joggled) dashed line . This line marks the position
of the low frequency cutoff, w0, discussed in Reference 4 in conjunction

• with double integ ration of the vertical accelerations , It is correct to
Interpret the position of this line as mean i ng that the double integrat i on
has been done correctly for higher frequencies, and incorrectly for lower
fr equenc i es.

There are several details about the spectrum ana l yses wh i ch are
not documented in the plots because they are constant throughout the data
reduct i on. First , the normalization of the spectra is such that the
spectrum area equals variance. A ll spectra are derived from a Fast
Four ier Transform analysis of an 8192 point sample. The fundamental
results is 4096 spectral estimates of 2 degrees of freedom each. These
estimates are uniformly spaced in frequency at a delta-frequency of
0.00511 rad/sec. In order to improve statistica l reliability , the basic
spectral estimates were averaged in blocks of 20 estimates at intervals
of 10 estimates . The resulting averages are thus equi—speced on the
frequency scale at intervals of AW — 0.0511 rad/sec. This also means
that adjacent spectral estimates as shown in the plot are not quite inde-
pendent —- to about the same degree as spectral estimates from the older

• autocorrelation methods are not ind ependent,

—- S
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As a result of the averaging, each spectral estimate has 40 degrees
of freedom associated with it. According ly, the 90% confidence bounds on
the spectra shown in the charts may be formed by multi p l ying the values
given by 0.72 and 1.51. Had the process samp led continued indefinitely
and a large number of 20.5 minute samples been obta i ned and analyzed,
nine Out of ten of these n~ i estimates of spectral density would be
expected to lie within the bounds so constructed . The pract i cal imp lica-

tion is simply that the influence of sampling variability upon the g iven
numerica l results is roughly the same as that associated with the result
of most other full scale wave measurement exercises.

The last detail of the spectrum anal ysis is the “total degrees of
freedom.” This number is inc l uded in parentheses at the end of each line
of legend because it depends upon the shape of each individual spectrum.
It is an estimate of the proper number of degrees of freedom to use in
construct i ng confidence bounds on the sample variance. If each of the
numbers in the present 8192 point time histor i es had been p i cked randomly
the “total degrees of freedom” would be 8191 . This is not the case ——
adjacent members of all the present time seri es are hi ghly correlated so
that the equivalent “random” sample size is much smaller , In the present
data set the “total degrees of freedom” (TDF) is expected to vary between
60 and 600. Approximate 90% confidence bounds on the variances assuming
a Normal zero mean process, may be constructed by multi plying the estimate
by two factors derived from the percentage points of the Ch i —square dis—

• tribution . Examples of the values of these factors are given as follows:

TDF Factor for Factor for
Lower Bound High Bound

60 .72 1.32

120 .80 1.27

200 .84 1.17

400 .89 1.12

600 .91 1.1 0

These are factors for the variances. The square root applies to the rms
values so that very roughly the 90% confidence bounds on rms range from
the sample rms ± 15% for TDF — 60 to the sample rms ± 5% for TDF = 600.
The pract i cal imp lications of these results are quite similar to those
ment ioned in connect ion with the confidence bounds on the spectra. There
is only so much “precision” obtainable from one 20 minute sample of wave
elevation -— that wh i ch was attac i ned in the present work appears compar—

• able to that achieved in the past in similar stud i es. With respect to
comparisons between wave meters or between data and pred i ctions of rms
shi p responses there can be little justificat ion to a concern about
differences of 5 to 15% magnitude .

The sample time histories on the odd numbered pages need little
explanation , except perhaps to say that the duration of the sample shown
(8—1/2 minutes) was a compromise between a des i re to disp lay as much of
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the 16-1/2 minutes of derived wave time histor i es as was possible in one
page; and the desire to spread the time scale out so that indivi dua l
fluctuat i ons were visible for intervals i nvolving hi gh ship speed in head
seas. To produce the charts an 8— 1/2 minute portion of the available
16— 1/2 minutes of samp le was chosen such that the largest radar wave
double amplitude is shown -- as well as (if possible) the largest mean
dynamic head double amplitude .

It may be fairly asked why the effort in producing plotted time
histories for each interval was considered worthwhile. The answer to the
question is fairly simple . While the present data• in its original analog
form has been scanned systemati cally by eye, the process i nvolved oscil—
lograph records with a time scale of about 15 minutes to the inch .
At this time compression onl y a gross idea of what was happening can be
formed, no detailed assessment of the believabili ty of the data can be
made, and, most importantly, the odd malfunct i on which is enough to upset
the spectrum estimates or the statistics may often go unnot i ced. This
last is considered most important in the radar data. It was poi nted out
in References 3 and 5 that an attempt was made to weed out intervals where
the radar had evidently lost signal and re-established a new reference
range. In this process onl y the most obvious instances could be identified ;
no guarantees could be made that all instances of moderate or small magni-
tude had been eliminated .
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It was the purpose of the present work to reduce this raw data,
to develop and imp lement such corrections as were foun d necessary and
feas ib l e, and to correlate and eva l uate the fina l results from the two
wave meters . In carry i ng Out this work it was necessary to at least
partly reduce severa l other channels of recorded data, so that, as a
by—product, reduced results were also obtained for midshi p bending
stresses, roll , p i tch, and two components of acceleration on the ship ’s
b r id ge.

As the work progressed it became evident that the volume of docu- I
men tat ion requ i red would grow beyond the usual dimensions of a single
techn i cal report. For this reason the analyses, the methods, the —

detailed results, discussions , and conclus ions are contained In a series 
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of ten related reports.
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